Endogenous factors which determine the photosynthetic capacity of the leaf were studied in the fufly expanded, primary leaves of young seedings of bean (cv. Bulgarian). Foflowing removal of the shoot above the primary leaf node and excision of all axillary buds, the prmary leaves increased in area and thickness, in chlorophyll content, in levels of soluble protein, and in the specific activity of ribuloe-1,5-bisphosphate carboxylase. Plants in which phloem continuity was disrupted by heat-girdling of the stem, between the shoot above the primary leaf node and the organs below, did not exhibit similar increases, whereas the shoot above the girdle continued to grow for several days. Plants in which all developing trifoliate leaves were excised as soon as they became macroscopic exhibited an increase in their photosynthetic activity, area, and thickness, while their main stem and (leafless) branches made considerable growth. Transpiration from the primary leaves was the same in decapitated plants as in the heat-girdled ones, although in the latter it accounted for only about 30% of total transpiration.
vulgaris L. partial defoliation resulted in increased activity of RuBP2 carboxylase (21), whereas decapitation above the primary leaf node caused a marked increase in the level of DNA, RNA, proteins, and Chl in the primary leaves (15) . Wareing et aL (21) suggested that increase in photosynthesis after partial defoliation may be a result of increased supply of cytokinins to the remaining leaves.
The present study examines the nature of the effect of partial defoliation on the increase in photosynthesis and growth of the remaining leaves.
MATERIALS AND METHODS
Bean plants (P. vulgaris cv. Bulgarian) were grown in a growth chamber under white light from a combined fluorescent and incandescent (Krypton) source, providing 150 uE m-2 s-' of PAR ' at plant level for 16 h each day. Temperature was 22 C during the light period and 17 C during the dark period.
Chl content was determined according to Carmi and Koller (4) . The NP of intact, attached primary leaves was determined in a sealed, transparent assimilation chamber (8 dm3 The following experiments were carried out.
1. Plants were decapitated above the primary leaf node and totally debudded when the first trifoliate leafhad started to expand (hereafter referred to as decapitation). Intact, untreated plants without any treatment were used as controls (hereafter referred to as intact). Groups of five treated and control plants were harvested at intervals, starting at time of treatment. After measuring the area of both primary leaves, one was sampled for Chl content and mesophyll thickness, and the other was tested for net photosynthetic activity.
and of the primary leaves were excised (hereafter referred to as heat-girdling). Another group of plants was decapitated above the primary leaf node and debudded (as in the first group). Transpiration was measured over the experimental period, after which the plants were harvested, and Chl content, leaf area, mesophyll thickness, and NP of primary leaves were measured. Dry weight of roots, primary leaf lamina, and the shoot above the girdled zone were determined in groups of 10 plants which were sampled 3, 7, and 12 days after the beginning of the experiment. 3. The trifoliate leaves in one group of plants were carefully excised as soon as they started to expand (hereafter referred to as defoliation). Another group of plants were decapitated above the primary leaf node and debudded. NP, leaf area, and mesophyll thickness were determined 14 days after the beginning of the experiment. Each experiment was repeated at least three times. The results were subjected to a t test to determine significant differences.
RESULTS
Plants which had been decapitated at the start of expansion of the first trifoliate leaf showed a marked increase in NP and in Chl content within 8 days of treatment, whereas nondecapitated controls did not (Fig. 1 ). The increase in NP and in Chl content which took place in the primary leaves following decapitation failed to take place in comparable primary leaves following heat-girdling of the stem above their nodal insertion (Fig. 2) . Plants with heatgirdled stems were fed "4CO2 during 120 min, either through the trifoliate leaves above the girdled zone, or through the primary leaves below it (24 h after treatment), and were autoradiographed 18 h after feeding. Translocation of label along the girdled zone was not detected in the autoradiographs. Nevertheless, the shoot above the girdled zone continued to grow (Figs. 3a and 4) and eventually flowered and fruited, except for a few plants where it wilted abruptly after 9 to 12 days. Changes in dry matter content of the roots were virtually the same in heat-girdled plants and in plants which had been simultaneously decapitated, but dry weight of the primary leaves increased more rapidly in the decapitated plants than in the girdled ones (Fig. 3b) . The increase in rate of dry matter accumulation (per unit area) in primary leaves following decapitation was paralleled by changes in their thickness and area, as well as in their fresh weight (per unit area, Table I ). Thickness and area of the primary leaves increased more in decapitated plants than in heat-girdled plants (Table II) . Thickness and area of the primary leaves increased to the same extent in decapitated plants as in plants whose trifoliate leaves were continuously removed as soon as they became macroscopic (Table III) , despite the fact that considerable stem elongation and branching took place in such defoliated plants (Fig. 5) (Table IV) although soluble protein on a fresh weight basis was virtually unaffected by decapitation, the thicker primary leaves of the decapitated plants contained more protein per unit area than those of the controls. RuBP carboxylase activity of the primary leaves was about 80%o higher in the decapitated plants than in the controls (per unit soluble protein, or unit fresh weight), and even higher than that on the basis of leaf area (Table IV) . Similar assays were made to compare primary leaves of decapitated and of heat-girdled plants. The results (Table V) showed that differences in soluble protein were small and not significant, whereas the activity of RuBP carboxylase was considerably greater in the decapitated plants than in the heat-girdled plants.
Transpiration flux (g H20/dm2-h) from the primary leaves of decapitated plants and of heat-girdled plants did not differ significantly from those of intact controls, neither immediately after treatment, nor 7 days later. Transpiration rates of the primary leaves of heat-girdled plants, as well as of the shoot above the girdled zone, did not differ significantly from those of nongirdled controls (Table VI) . The transpiration from the shoot above the girdled zone increased continuously over a 7-day period (probably as a result of added transpiring'leaf area of trifoliate leaves in the growing organs) and it was only somewhat lower than in intact plants. The amount of water transpired from the shoot above the girdled zone was considerably greater than that transpired from the primary leaves of the same plant (Table VI) Photosynthetic activity of the primary leaves of bean increased after decapitation (Fig. 1) . Continuous defoliation of all macroscopic trifoliate leaves produced an increase of similar magnitude. In contrast, heat-girdling of the stem above the primary leaves, which effectively blocked assimilate translocation but not water supply (Fig. 4 and Table VI), did not cause any increase in photosynthetic activity (Fig. 2) Tables I to V) . Endogenous cytokinins are transported from their site of synthesis in the root via the xylem (9, 22) . Results of a previous study (4) did not support the role of cytokinins in the increase in photosynthetic activity of the primary leaves, but did not preclude that possibility. They did suggest that the roots act as a source of unidentified factors which contribute to this increase.
The following hypothesis is based on two assumptions: (a) that such substances are carried to the leaves from the roots in the transpiration stream; and (b) that they are loaded into the xylem at a rate which is not determined by the flow rate of water through the roots. Their concentration in the xylem sap will consequently be smaller when the flow rate (volume per unit time) is greater. In decapitated plants and in defoliated plants transpiration was confined to the primary leaves, whereas in heat-girdled plants and in intact plants total transpiration increased progressively (within 7 days from treatment) as a result of the contribution made by the growing shoot above the primary leaves (Table VI) . Transpiration flux from the primary leaves was similar in decapitated plants, heat-girdled plants, and intact plants (7 days after treatment). It appears that although primary leaves of decapitated plants and of defoliated plants receive practically the entire contents of watersoluble substances loaded into the xylem in the root, those of intact plants and of heat-girdled plants receive only a decreasing share of the more diluted sap. According to this hypothesis, the endogenous regulation of the photosynthetic capacity of each leaf depends on the share it gets of the postulated root factors transported in the transpiration stream.
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